Davanone, a key sesquiterpene component of davana oil, has been synthesized in five convenient steps. Oxygenated sesquiterpenes have been linked to insect deterrent properties. Based on initial screening of davana oil, davanone and its hydroxy precursors have been generated and are being evaluated as arthropod deterrents against disease vectors.
The oil of davana, an essential oil derived from Artemisia pallens, is a highly praised oil in the perfume industry and is used in the flavoring of cakes, tobacco and some expensive beverages [1] . The significance of the oil has led many researchers to investigate its chemical composition. More than 30 terpenoid products have been isolated and identified so far [2] . Among them, davanone (6) , a sesquiterpene ketone, has been shown to be the most abundant component of the oil to an extent of 30 -65% [3] . Davanone has been the target of several synthetic studies [4] over the years because of its antifungal [5] , antispasmodic [6] and antibacterial [7] properties.
In continuation of our ongoing research interests in the development of naturally occurring repellents with feeding deterrent activity against arthropod pests, we herein report a short synthesis of davanone, along with the synthesis of the other davanoid, artemone. This communication also reports preliminary screening of davanone and its precursor as a mosquito deterrent\repellent. We started our synthesis from commercially available R-linalool. Acetylation [8] of R-linalool (1) using acetic anhydride gave the corresponding linalyl acetate, which was converted to 8-oxolinalyl acetate (2) by oxidation using selenium dioxide [9] . The prenylation [4c] of aldehyde with prenylmagnesium bromide afforded the secondary alcohol (3). Swern oxidation of the alcohol followed by cyclization [9] using catalytic sodium furnished the final product in good yield. The structural analysis of 4 by spectral methods revealed the final product as a mixture of diastereomers of artemone, which were separated by column chromatography (Figure 1 ). The predominant formation of the γ-adduct was supported by literature describing the synthesis of artemone from lilac aldehyde [10] . In an alternative route, we prenylated aldehyde 2 with prenylzinc bromide in the presence of HMPA following the procedure of Sabitha et al. [4d] . Spectral characterization of the secondary alcohol 5 proved it to be an α-adduct based on literature values [11] . Swern oxidation, followed by cyclization, furnished davanone as a diastereomeric mixture ( Figure 1 ). From this, natural davanone, (+) davanone (6), was isolated by column chromatography and its identity confirmed by literature data [4] .
In summary, we have demonstrated that the davanoids, davanone and artemone can be efficiently produced using a simple and short method with prenylation as a key synthetic step. The synthesized davanone and artemone showed comparable mosquito repellent activities in preliminary bioassays and further studies are underway. Experimental General: Commercially available materials were purchased from Sigma Aldrich and were used without further purification. All reactions were carried out under an atmosphere of nitrogen using oven dried glassware. TLC, silica gel plates (200 µm) with UV 254 indicator visualized either by UV or phosphomolybdic acid staining; silica gel (particle size 40-75 µm) for LC; 1 H and 13 C NMR, Bruker Avance-600 and 300 MHz spectrometers. The GC-MS analyses were performed on an Agilent 6890N GC coupled with an Agilent 5973 inert MS under EI conditions.
Synthesis of compound 3:
Magnesium turnings (693 mg, 28.5 mmol) were added to anhydrous THF (2 mL) followed by a catalytic amount of 1,2-dibromoethane. Prenyl bromide (50 µL) was added to the suspension at room temperature until the reaction flask first became warm, at which point the flask was immediately cooled to 0°C. The remaining prenyl bromide (3.30 mL, 28.5 mmol) was added to the suspension and stirred for 15 min at room temperature. The above generated prenylmagnesium bromide was cooled to 0°C and to it was added a solution of the aldehyde (1.00 g, 4.76 mmol) in THF (20 mL). The reaction was continued at 0°C for 15 min and warmed up to room temperature. After 35 min, the reaction mixture was added to brine (50 mL), extracted with diethyl ether, dried over magnesium sulfate and concentrated. 
Synthesis of compound 4:
A round bottom flask, equipped with a magnetic stirrer, containing oxalyl chloride (52.1 mg, 0.410 mmol) and anhydrous dichloromethane (1 mL) at -78°C was charged dropwise with anhydrous dimethyl sulfoxide (66.9 mg, 0.857 mmol) and stirred for 15 min. The resulting mixture was charged dropwise with a solution of the alcohol 3 (100 mg, 0.357 mmol) in dichloromethane (0.3 mL) and stirred for 15 min before being charged dropwise with triethyl amine (181 mg, 1.78 mmol) . The off white suspension was stirred for 1 h at -78°C and at room temperature for 2 h (monitored by TLC and GC/MS). The solvent was removed under reduced pressure and the residue extracted with ethyl acetate. The extract was washed with saturated aqueous sodium carbonate solution and brine, and dried over anhydrous MgSO 4 . After removal of solvent under reduced pressure, the crude was used in the next step without purification. In dry methanol (10 mL) a catalytic amount of sodium were dissolved under argon and the ketone was added drop wise. After 48 h of stirring under an argon atmosphere at room temperature, the reaction was stopped by adding 1N HCl solution until the solution was neutralized. It was then extracted with ethyl acetate, and the organic layer washed with water and brine, and dried over anhydrous MgSO 4 . After filtration and concentration the crude product artemone was obtained as a diastereomeric mixture, which on repeated CC on silica gel (95: 5 hexanes/ethyl acetate) separated the diasteromers in pure form (23 mg, 27%, 20 mg, 24%). The spectral values were in good agreement with the literature. GC-MS, m/z 236 (M + ), 180, 125, 111, 93, 81, 69, 55, 41.
Feeding deterrence assay:
The in vitro K & D module [12] assay system consists of a six-well blood reservoir with each of the 3 x 4 cm wells containing 6 mL human blood cells, water-bath warmed (39ºC), and covered with a collagen membrane. The blood membrane unit simulates a human host for determining mosquito feeding and deterrent activity of standard repellent compounds. Treatments in 110 μL ethanol were randomly applied to six 4 x 5 cm areas of organdy cloth, and (after air drying) positioned over the membrane-covered blood. K & D modules containing 6 mosquitoes per cell were positioned over the treated cloth and exposed to the treated surface for 3 min. The number of mosquitoes feeding (proboscis inserted through cloth and collagen membrane into blood) in the exposure period was recorded by determining blood engorged females. The compounds used for these tests were applied at 25 and 100 nmol/cm 2 organdy cloth, because we wished to specifically compare the performance of synthetic davanone and its precursor at a dose that was stoichiometrically equivalent to a dose of DEET known to suppress Ae. aegypti biting by at least 80% in a similar testing situation. At two doses, response tests with DEET, synthetic davanone and analogue compounds against blood feeding of Ae. aegypti were replicated 20 times. The comparison of activities was recorded as the proportion of non-feeding mosquitoes. Statistical comparisons of the compounds were made using Proc Multtest with the step-down permutation p adjustment option to the Cochran-Armitage test. The results are shown in Table1. 
